The purpose of the study was to determine the effect of nondepolarizing muscle relaxants and waiting time on muscle fasciculations after succinylcholine in anaesthetized patients. Adult men and women, received pretreatment doses of atracurium 5 mg (n = 160), pancuronium 1 mg (n = 123), d-tubocurarine 3 mg (n = 97), or vecuronium 1 mg (n = 62 
d-tubocurarine pretreatment had the lowest frequency of coughing~bucking responses during tracheal intubation (22%), whereas patients receiving atracurium had the highest frequency (58%). The data suggest that pretreatment with d-tubocurarine 3 mg, using a 3.5 to 4 rain wait time interval is the optimal method to prevent succinylcholine-induced fasciculations.

Lbbjectif de ce travail est de mesurer l'effet des myorelaxants non d~polarisants sur la vitesse d'apparition des fasciculations musculaires et l~ntervalle d'attente qui suit l'administration de succinylcholine chez le patient anesthesia. Des adultes des deux sexes, pesant de 60 ~ 80 kg, refoivent en pr~-traitement de l'atracurium 5 mg (n = 160), du pancuronium 1 mg (n = 123), de la d-tubocurarine 3 mg (n = 97) ou du v$curonium 1 mg (n = 62). L'intervalle entre le pr~-traitement et l'administration de succinylcholine 100 mg se situe entre 0,6 et 5 min. Les donn~es de recherche (prdsence ou absence de fasciculations et l'intervalle d'attente) sont enregistr$es pour chacun des patients. Des courbes de r~ponse sont obtenues entre la probabilit~ transform~e en logit de l'absence de fasciculation et le logarithme de l~ntervalle d'attente. Les differences statistiques entre les courbes-r~ponses de l~ntervalle d'attente sont d~termin~es avec le non-chevauchement des intervalles de confiance ~ 95%. La frdquence des fasciculations musculaires diminue avec l'augmentation de l~ntervalle d'attente pour tous les non d$polarisants dtudids. Aprbs un intervalle d'attente de trois, quatres et cinq minutes, la probabilit~ d'absence de fasciculations est plus dlev~e avec la d-tubocurarine (90, 97 et 99o/o respectivemenO et l'atracurium (89, 93 et 96%). Les valeurs cor-
Subparalyzing doses of nondepolarizing muscle relaxants are often given prior to succinylcholine to prevent muscle fasciculations and postoperative muscle pains, and to attenuate the increases in intraocular, intragastric and intracranial pressures. ~-7 Although many different pretreatment regimens to prevent succinylcholine-induced fasciculations have been described, 7-9 controversy exists about the optimal choice of nondepolarizing relaxant as well as the optimal timing interval between pretreatment and succinylcholine administration. Moreover, defasciculating doses of nondepolarizing relaxants may delay the onset and decrease the intensity of succinylcholine-induced neuromuscular blockade. 2 The purpose of the study was to determine the frequency of muscle fasciculations after a standard dose of succinylcholine in adult patients pretreated at varying time intervals with small doses of atracurium, pancuronium, d-tubocurarine or vecuronium. The study has clinical relevance because muscle fasciculations after succinylcholine have been associated with postoperative myalgia as well as muscle damage, although it is acknowledged that other factors unrelated to succinylcholine and/or fasciculations may also result in myalgia and muscle damage. Jo-17
Methods
Four hundred and forty-two patients(weight range 60-80 kg) undergoing elective surgery requiring general anaesthesia, tracheal intubation and muscle relaxation were prospectively studied. The study was approved by the Hospital Institutional Review Board under a monitoring protocol. Exclusion criteria included: abnormal airway, suspected difficult intubation, atypical plasma cholinesterase, malignant hyperthermia, increased intraocular or intracranial pressure, hyperkalaemia and known or suspected sensitivity to depolarizing and nondepolarizing muscle relaxants. Premeditation was at the discretion of the anaesthetist and generally consisted of a narcotic and/ or midazolam. After placement of routine monitors, a standard pretreatment dose of atracurium 5 mg, pancuronium 1 mg, d-tubocurarine 3 mg or vecuronium I mg was given/v. Pretreatment doses were the ones used most often clinically in our institution, although they were not equipotent. Anaesthesia was induced with thiopentone 3-5 mg-kg -I, and the patients' lungs were ventilated with oxygen. Direct laryngoscopy and tracheal intubation were performed one minute after succinylcholine 100 mg /v. The precise waiting time between pretreatment and succinylcholine was determined by the anaesthetist and ranged from 0.6 to 5.0 min. Criteria for fasciculations were the visible presence of contractions of the trunk, face and/or extremities. Generally, these observations were made by two observers, one of whom was unaware of the pretreatment drug. Fasciculations were graded as absent only if no visible fasciculations were observed. The presence or absence of fasciculations after succinylcholine was recorded and analyzed with respect to wait time, drug, age and sex using the categorical model procedure and Chi Square analysis (SAS software). Waiting time response curves (WTRC) for each relaxant were estimated and plotted with the probability of no fasciculations versus log waiting time (probit analysis with logistic and maximum likelihood options, SAS software). The absence of fasciculations was considered a 0 response, whereas the presence of fasciculations was considered a response of I. Data points were entered for each individual patient. The estimated waiting times to prevent fasciculations in 50%, 80% and 90% of patients (WT50, WT80, WD90) were calculated for each drug from probit analysis of the wait time-response relationship. The probability of not fasciculating after wait time intervals of two, three, four and five minutes following each nondepolarizing relaxant were also computed from the probit analysis using the method of Hosmer and Lemeshow. 18 Statistically significant differences were determined by non-overlapping of the 95% confidence intervals estimated from the wait time-response probit analysis. The presence or absence of coughing or bucking during tracheal intubation was also recorded and analyzed with respect to nondepolarizing drug and demographics using the categorical model procedure and ChiSquare analysis (SAS software) in a subgroup of 107 patients not fasciculating after succinylcholine. Criteria for the presence of coughing or bucking were patient generated movement of the chest, abdomen or head during tracheal intubation. Data were expressed as mean values + SEM. A P value of <0.05 was considered significant.
Results
There were no differences in age, sex, or weight between groups (Table I ). The incidence of fasciculations was 16, 37, 16 and 26% in the atracurium, pancuronium, dtubocurarine and vecuronium groups, respectively. Chisquare analysis of observer(s) vs presence or absence of muscle fasciculations did not reveal any influence of observer (P > 0.2). The distribution of wait times was nonuniform with respect to the four non-depolarizing relaxants, but was homogenous with respect to age, weight and sex (Table II) . There was a greater percentage of 
0-1 rain 1-2 rain 2-3 min 3-4 min 4-5 rain
Atracurium 3(I) 37 (13) 39 (6) 47 (4) 34(2) Pancuronium 3 (2) 30 (19) 38 (14) 27 (6) 25(4) d-Tubocurarine 0(0) 8 (5) 45 (10) 26 (1) 18(0) Vecuroniurn 1(I) 9 (4) 8 (2) 17 (4) 17 (5) 11.9 patients in the three to four minute wait time interval in the vecuronium pretreatment group than in the other three groups, whereas there was a greater percentage of patients in the two-to three-minute wait time interval in the d-tubocurarine group. The probability of fasciculations after succinylcholine was affected by nondepolarizing agent (P < 0.05) and wait time (P < 0.001, Figure 1 ). D-tubocurarine and atracurium were more potent in blocking succinylcholine fasciculations in 80 and 90% of cases than were pancurortium or vecuronium (P < 0.05 for WT80, Table III) . Following a standard wait time of two, three, four and five minutes, the probability of not fasciculating was greatest with d-tubocurarine and atracurium compared with pancuronium and vecuronium (Table IV) was more potent in preventing fasciculations at the fourminute wait times. Overall, men were more likely to fasciculate than women (33% of 170 patients vs 17% of 272 patients, P < 0.001). Within the pancuronium group, men were more likely to fasciculate than women at the shorter wait times (<3 min, Figure 2 ), although a sex- WAITING TIME (MINI FIGURE 2 Waiting time response curves showing the probability of no fasciculations vs waiting time for men and women receiving pancuronium pretreatment.
had the lowest frequency of coughing/bucking responses during intubation, whereas patients receiving atracurium had the highest frequency P < 0.01, Figure 3 ). Age and weight did not affect the incidence of fasciculations or response to intubation. There was no effect of sex on response to intubation.
Discussion
The present study demonstrated that the probability of developing muscle fasciculations after succinylcholine is highly dependent on waiting time interval and nondepolarizing drug. D-tubocurarine was the most potent in inhibiting succinylcholine-induced fasciculations, followed by atracurium, pancuronium and vecuronium. Despite wait times of four to five minutes, the probability of not fasciculating with vecuronium and pancuronium pretreatment never exceeded 0.9. This explains the high estimated waiting times required to prevent fasciculations (in 90% of patients) for vecuronium and pancuronium (WT90 = 6.36 and 5.35 minutes, respectively), as well as the inability to compute upper confidence limits for the estimated wait times with vecuronium pretreatment. In contrast, after a four to five minute wait time, the probability of not fasciculating with d-tubocurarine pretreatment was almost 1.0. Thus, the WT90 of 3.02 minutes for dtubocurarine was the shortest wait time of the four nondepolarizers studied. The probit model was chosen to characterize the response to different waiting times because preliminary data at our institution, as well as data in the literature, s suggested that the relationship describing the probability of not fasciculating vs waiting time would have a sigmoidal shape, similar to dose-response data. At short wait times the probability of preventing fasciculations would be low because not enough time had elapsed to allow for adequate drug concentration at the effector site. At longer wait times, the probability of no fasciculations would gradually approach 1.0. Probit calculations provided estimates and 95% confidence limits for: (1) WT50, WT80 and WT90, and (2) the probability of not fasciculating after a specified wait time. As relatively few patients were in the zero to one minute wait time interval, it may be incorrect to assume that all patients will exhibit fasciculations if the wait time is zero. However, probit models fit with a nonzero threshold rate, all demonstrated a less satisfactory goodness-of-fit than models which assumed that all patients fasciculate at a wait time of zero. The lack of randomization with respect to waiting time and precurarizing agent was a flaw in the design utilized in the present study. Although the distributions of wait times were non-uniform with respect to the four relaxants, they were homogeneous with respect to age, weight and sex. Thus, it was unlikely that patient characteristics could have accounted for the differences in response observed in the present study. There was a greater percentage of patients in the longer wait time intervals in the vecuronium group (three to four minutes) and a greater percentage of patients in the shorter wait time interval in the d-tubocurarine group (two to three minutes). However, if vecuronium was really a better agent than dtubocurarine in preventing fasciculations, one could speculate that this unequal distribution should favour vecuronium over d-tubocurarine (which was not the case) because longer wait times increase the likelihood of equilibration of the nondepolarizer at the effector site, thereby decreasing the probability of muscle fasciculations. The non-uniformity of waiting time distributions resulted in relatively fewer data points at either low or high values of the waiting time. Although this non-uniformity could influence the overlapping of the 95% confidence intervals, it was unlikely to alter the shape of the waiting time response curves. This is because the confidence limits were wider at these extreme values, making it more difficult to achieve a non-overlapping condition. Although the study was not blinded, observations were generally made by two observers, one of whom was unaware of the pretreatment drug. Moreover, the criteria measured in the study, fasciculations and response to tracheal intubation, were well-defined and were evaluated by anaesthetists with many years of clinical experience. As well, retrospective analysis of observer versus response did not reveal any influence of observer. It should be noted that the doses of nondepolafizing relaxants employed in the present study were chosen because of familiarity and ease of administration in the clinical setting and were not equipotent. For example the 3 mg dose of d-tubocurarine only represented 16% of the EDs0 in a 70 kg patient (3 mg. 70 kg -~ = 0.043 mg-kg -I divided by an EDs0 of 0.26 mg.kg-]), 7 whereas the 5 mg dose of atracurium was 60% of the EDs0 (5 rag. 70kg -l --0.07 mg. kg -l divided by an EDs0 of 0.12 mg. kg-]). 19 Corresponding fractions of the pretreatment doses of pancuronium and vecuronium used in the study were 48 and 62% of the EDs0, respectively (assuming an EDs0 of 0.023 mg. kg -I for pancuronium and 0.03 mg. kg -t for vecuronium). 19~0 Nevertheless, despite the lower rag. kg -l dose of d-tubocurafine, this drug still appeared more effective in preventing fasciculations compared with the higher rag. kg -l doses of atracurium, pancuronium and vecuronium.
The higher probability of fasciculating at the shorter wait times suggests that the onset of defasciculating action of nondepolarizers at the prejunctional acetylcholine receptor is governed in a similar fashion to the onset of neuromuscular blockade at the postjunctional receptor. It has been demonstrated that differences in drug potency may influence receptor binding and onset of neuromuscular blockade. 2~ For example, the speed of action of nondepolarizing relaxants at the postjunctional acetylcholine receptor has been shown to be inversely proportional to drug potency. 22 It is possible that the speed of action of nondepolarizers at the prejunctional receptors may also be governed by potency in an inverse fashion. Thus, a low potency drug such as d-tubocurarine (ED50 0.26 mg-kg-l) 7 had a faster onset of defasciculating action than a higher potency drug such as vecuronium or pancuronium (EDs0 0.023 and 0.03 'mg.kg -I, respectively). ]9,20 Similarly, the rate of onset of defasciculation from equipotent doses of atracurium (intermediate potency, EDso 0.12 mg. kg-J) 19 was faster than that of vecuronium and pancuronium, but slower than dtubocurarine. Because of the very low potency of gal- WAITING TIME |MINI FIGURE 4 Wa~ting time response curves showing the probability of no fasciculations vs waiting time after pretreatment with dtubocurarine. The curve from the present study is compared with the curve constructed using data from Horrow and Lambert. 8 lamine (EDs0 0.76 mg. kg-I), 23 subparalyzing doses of this nondepolarizer would be expected to prevent fasciculations reliably, even at relatively short wait times. Indeed, small doses of this agent have been reported to prevent fasciculations in the majority of patients when given 0.5 to one minute before succinylcholine. 24,25 Similarly, it is not surprising that a higher potency drug such as pancuronium has been shown to be less effective in preventing succinylcholine-induced fasciculations than low potency agents such as gallamine and dtubocurarine.2,3 It is possible that the greater affinity of d-tubocurarine and atracurium for the prejunctional receptors than pancuronium and vecuronium could account for the lower probability of fascieulations with dtubocurarine and atracurium observed in the study. 26,27 It has been stated by Horrow and Lambert that the optimal interval between pretreatment with dtubocurarine 3 mg-70 kg -l and succinylcholine, 1.5 mg-kg -~, is three minutes and that no additional benefit in preventing fasciculations is obtained with longer intervals such as five and seven minutes, s However, calculation of WTRC from their data suggests that the probability Of preventing succinylcholine-induced fasciculations was improved with longer waiting time intervals, with an 88% chance of not fasciculating at seven minutes, 84% at six minutes, 79% at five minutes, 70% at four minutes, 58% at three minutes and 38% at two minutes ( Figure 4) . The higher incidence of coughing and bucking during tracheal intubation in the atracurium, pancuronium and vecuronium subgroups of nonfasciculating patients than in the d-tubocurafine subgroup was probably due to greater antagonism of depolarizing block associated with the higher mg. kg -l dose of nondepolarizer. Although not addressed in this study, it should be noted that subparalyzing doses of nondepolarizers may result in blurred vision, heavy eyelids, as well as difficulty in breathing and maintaining an airway. Therefore, the pretreatment dose should be as small as possible (i.e., for a 70 kg patient, d-tubocurarine 3 mg, atracurium 2 mg, pancuronium 0.5 mg, vecuronium 0.5 rag). Use of adjuvant agents such as diphenylhydantoin, diazepam and/or lidocaine may also be helpful in suppressing fasciculations due to stabilization of motor nerve terminals by a mechanism unrelated to the acetylcholine receptor. 5, 28, 29 In summary, the effectiveness of nondepolarizing muscle relaxants in preventing succinylcholine-induced muscle fasciculations was highly dependent on the wait time interval and choice of nondepolarizing drug. The frequency of muscle fasciculations was reduced when the waiting time interval between pretreatment and succinylcholine was increased, regardless of drug used. Pretreatment with d-tubocurarine and atracurium appeared to be more effective in preventing muscle fasciculations than pancuronium or vecuronium. However, atracurium pretreatment was associated with a higher incidence of coughing and bucking during intubation compared with d-tubocurarine. The data suggest that pretreatment with d-tubocurarine using a 3.5 to four minute wait time interval is the optimal method to prevent fasciculations after succinylcholine.
